Herpes Simplex Encephalitis (HSE) is one of the commonest viral encephalitis and its recurrence is being increasingly reported were HSE relapse rate came up to 5%. Both herpes simplex virus (HSV) types can lead to encephalitis and it was established that HSV-1 is capable of nervous system invasion, latency, and recurrence. The recurrence of HSE used to be attributed to immunological compromise, but reports show many cases have no obvious immune system impairment. Further investigations revealed genetic predispositions to HSV infection that would explain the host vulnerability to its recurrence. In this review, we discuss the gene mutations that may predispose to recurrent HSE and the importance of early diagnosis and treatment.
Introduction
Herpes simplex virus 1 (HSV-1) encephalitis (HSE) in children is a serious but manageable condition, where its outcome is mainly dependent on early diagnosis and immediate initiation of treatment. Despite advances in diagnostic methods and antiviral medications, it remains a high-risk condition with significant morbidity and mortality [1] . Recurrent herpes encephalitis in children is an uncommon illness and reports were found in the literature for both adult and pediatric age groups [2] . Although it is rare, the management of such condition is challenging in the sense of treatment dose and duration where the recent Infectious Diseases Society of America guideline has demonstrated that relapses were not documented in increased dose and prolonged period of treatment with acyclovir up to 20 mg/kg every 8 h for 21 days (IDSA guideline). Even though this treatment modality has been used, still there are reported cases of relapses long time up to 5 years after initial treatment had stopped provided negative PCR on follow-up in one of the reported cases [3] . Other treatment modalities were also used and are discussed in the treatment section. For the recurrence of HSE Table 1 [4e9] demonstrate some reports of HSE recurrence among pediatric population with proven presence of HSV using PCR in both episodes of encephalitis to role out other causes, e.g., postherpetic autoimmune encephalitis provided the fact that most reports in the literature labeled as recurrence of herpetic encephalitis positive PCR in both or at least one of the episodes. Giving these facts, many researches were conducted to provide explanations on the pathogenesis behind the recurrence of HSV encephalitis in immunocompetent hosts. In this study, many aspects of recurrent HSE are explained, and approach is provided so that an optimal management plan can be recommended for children with recurrent HSE.
Epidemiology
Herpes simplex encephalitis (HSE) annual incidence is 1 in every 250e500 thousand in the developed countries which makes it the most common virus to cause encephalitis. Encephalitis caused by HSV-1 accounts for most of the cases, and it typically affects older children [10] . There is a peak of incidence in early childhood, which does not reflect the age at primary infection [11] . In the United States, the incidence of viral encephalitis, in general, is 20,000 per year and roughly up to 20% of them are caused by HSV-1, and one in every three patients is a child. It used to be known that HSV-2 is an etiological agent in genital herpes and neonatal cases of herpes encephalitis, but recent studies indicate that both HSV-1 and HSV-2 are capable of causing oral and genital herpes where in regard to herpetic encephalitis HSV-1 is the major cause, but still there are some reports link HSV-2 to cause encephalitis in up to 10% of cases mainly in immunocompromised hosts and neonates [10, 12, 13] . A large study included 4871 hospital admissions of all age groups in the United States admitted under the diagnosis of herpetic encephalitis revealed that mortality rate among neonates and adults were higher than older children [14] . Recurrence of HSE is uncommon, but relapse rate up to 5% was reported. (IDSA).
Virology and pathogenesis
Herpes simplex virus (HSV) also known as human herpesvirus (HHV) is a double-stranded DNA enveloped virus member of the Herpesviridae family generally categorized into two types HSV-1 and HSV-2. Other members of the family include varicella zoster virus (HHV-3), EpsteineBarr virus (HHV-4), cytomegalovirus (HHV-5), HHV-6, HHV-7, and HHV-8. Both HSV type 1 and 2 viruses are capable of invading human central nervous system and can replicate in the neuronal cells a phenomenon known as neurovirulence [15] . For infection to occur an exposed site of damaged skin (e.g. abrasion) or mucosal surface must come in contact with the virus, then replication of the virus is initiated at the site of primary infection followed by retrograde transport of viral parts toward neural ganglion (dorsal root ganglia) [16] . The pathogenesis of HSV is mainly dependent upon host immune response toward the infection and the mechanism in which HSV invade the brain is still not very well explained, but the established latency of HSV in the trigeminal ganglia where colonized ganglia after a stimulus leads to viral reactivation and appearing as mucocutaneous vesicles and ulcers might give a good explanation to HSE predilection to the frontotemporal lobes by retrograde transport into the CNS through trigeminal or olfactory cranial nerves [17] . HSE of the forebrain is caused by viral migration through the olfactory bulb, whereas HSE of the brainstem is caused by migration via the trigeminal nerve [18] .
Genetic predisposition
Most primary immunodeficiencies compromise host immunity to be susceptible for most infections, and some may predispose to certain pathogens due to defect in specific immune pathway involved in particular pathogens (e.g. IL-12/IFN gamma deficiency vulnerability to mycobacterial and salmonella infections) [19] . These immunodeficiencies can come in familial and sporadic forms which makes their screening and diagnosis challenging. Herpetic encephalitis in children is involved in some of these primary immunodeficiencies, and mainly due to defects antiviral respond by cellular interferon, but these defects usually predispose to broad infectious susceptibility and other clinical (or immunological) manifestations [20, 21] . Lately many reports found in the literature indicating recurrent HSE in the absence of an underlying immunodeficiency and it usually attributed to latent viral reactivation. Recent studies were published indicating single or multiple gene mutations that linked to increased host susceptibility to HSE and its recurrence in some of the cases without compromising immunity to other pathogens (examples found in Table 2 [21e33]). Toll-like receptor 3 (TLR3) pathway defect account for almost 5% of all HSE cases [22] . Most gene mutations found in HSE cases are leading to a defect in interferon-mediated immunity mainly IFN-a/b and l [23, 34] . These genetic etiologies disrupt cell-autonomous immunity in neurons and oligodendrocytes [35] . An observational study was published in 2010 by Abel et al. involved total of 85 children with HSE concluded a high rate of consanguinity (14%) and some were compatible with Mendelian genetic origin of HSV-1 to cause HSE [11] . HSE of the brainstem was recently shown in a multiplex kindred to be caused by mutations in DBR1, which is the RNA lariat debranching enzyme [18] . Interestingly, other viral infections of the brainstem can also be caused by DBR1 mutations. The genetic etiologies of HSE of the forebrain are mainly due to TLR3-IFN-a/b and their receptor in STAT1 pathways which their mutation would lead to HSE susceptibility of the frontal and temporal lobes of the forebrain.
Clinical presentation
In the review of reports found to meet our criteria, the common clinical presentations were abnormal movements/seizure, fever, and altered level of consciousness. Duration of recurrence in majority of the cases varies from 2 weeks up to 1 year and longer durations have been reported. The recurrence has been reported in 50% of pediatric cases with HSE proven by positive PCR for HSV in both episodes while the patients were on Acyclovir. Neurological surgery and treatment with corticotropin for infantile spasms have been reported in patients with recurrent HSE. HSE is strictly limited to the central nervous system. The virus does not disseminate to other tissues or even the bloodstream. Patients with HSE almost never suffer from herpes labialis, not only during HSE but also prior to and after HSE. This reflects the occurrence of HSE during primary infection and its mechanism involving an impairment of CNSintrinsic immunity. Moreover, the lack of herpes labialis might [9] result from the high proportion of T cells specific for HSV1 in these patients (quote Shen-Ying Zhang's recent paper in Journal of Pediatric Infectious Diseases with the Seattle group) [18] .
Diagnosis
Lumbar puncture (LP) is crucial for the diagnosis of HSE and should be done for all patients with suspension for HSE provide no contraindication such as an elevated intracranial pressure. Elevated protein and pleocytosis with predominance of lymphocyte are the commonest finding in HSE. CSF glucose is usually normal although CSF with low glucose In HSE has been reported. CSF RBCs are usually normal if not traumatic LP unless the patient has advance HSE (necrosis) or hemorrhagic encephalitis which will increase RBCs in CSF. Normal CSF values has been reported in HSE 5e10%. If HSE highly suspected and the initial CSF result is negative, it is advisable to repeat LP [13, 36, 37] . The gold standard test for diagnosis of HSE is HSV DNA PCR which is highly sensitive and specific (reach up to 96% in both). HSV DNA PCR can yield negative result if the CSF sample tested early in the disease course and it can persist positive for 7e10 days despite acyclovir therapy. HSV antibody in CSF is not helpful for early diagnosis, but it helps in retrospective HSE identification. HSV viral culture in CSF is rarely positive [38e40]. The neuroimaging of choice for HSE diagnosis is MRI brain which is more sensitive and specific than CT scan. Edema, hemorrhage, and necrosis in the inferomedial temporal lobe is the common imagining abnormality. The brain involvement could be unilateral or bilateral. EEG finding is abnormal in the majority of patient. Periodic lateralization epileptiform discharge is characteristic for HSE. Worsening bilateral abnormality with slow wave activity and recurrent periodic complexes are seen in recurrent HSE [3, 41, 42] .
Treatment
High index of suspicion, early diagnosis and prompt start of antiviral pending diagnosis confirmation is crucial. Intravenous Acyclovir is the mainstay of treatment in addition to supportive management and good hydration. The current recommended dose is 45 mg/kg per day in 3 divided doses in children and 60 mg/kg per day in 3 divided doses for neonate. Acyclovir resistant to HSV which mostly due to mutation of the viral thymidine-kinase gene is rare in immunocompetent patient. Foscarnet is an alternative antiviral for the treatment of acyclovir-resistant HSV. There is controversy about adjuvant corticosteroids therapy for HSE, and it is not routinely recommended, it may be indicated in HSE complicated by vasogenic brain edema. The role of suppressive oral antiviral is not clear and need further study in patients with recurrent HSE. However, there is reported relapsed cases while they are receiving oral acyclovir prophylaxis. [2, 7, 43, 44] . In the future, it is tempting to speculate that additional recombinant IFN-alpha might help some children, especially those whose genetic lesion disrupts the production of endogenous IFNs in the CNS. Clinical trials are warranted to test this hypothesis.
Conclusion
HSV Encephalitis is a life-threatening condition and associated with high rates of morbidity and mortality. HSV is a well-known virus to establish human latency, and some case reports has linked its reactivation to encephalitis recurrence. Recurrent HSE has been associated with certain gene mutations such as IKBKG (NEMO) and STAT1. As early diagnosis is challenging, rapid empirical initiation of Acyclovir as soon as possible will play a major role in preventing devastating complications. To date, there is no strong recommendation to use oral suppressive antivirals to prevent HSE recurrence. Screening for known mutations that might predispose to HSV recurrence could help in early diagnosis and initiation of treatment of recurrent herpetic encephalitis and for future family counseling. 
